We have quantified the appearance of matrix (M-) protein on P8I 5 mastocytoma cells infected with type A influenza virus using a monoclonal antibody specific for M-protein. In contrast to previously reported values, only low amounts (about Io a molecules/cell) of M-protein appear on the cell surface up to ~6 h p.i. Since P815 cells are excellent targets for cross-reactive T-cell lysis 3 to 5 h after virus infection, when only about Io 2 M-protein sites are found on each cell surface, it appears less likely that the recognition of M-protein can account for the cross-reactivity of cytotoxic T-lymphocytes for different type A influenza viruses.
The recognition of influenza virus-infected target cells by cytotoxic T-cells (Tc) requires homology at the proper major histocompatibility loci and the presence of the virus antigen on the infected cell surface (for review see Doherty et aL I976) . A principal characteristic of the Tc response to influenza viruses in mouse (Effros et al. I977; Zweerink et al. I977a) and man (McMichael & Askonas, I978 ) is the broad cross-reactivity with serologically distinct type A viruses. The mechanism of such cross-reactivity could be the recognition by effector T-cells of virus determinants shared between different type A strains and expressed on the cell surface during infection. For this reason it has been suggested that the shared matrix (M-) protein is recognized by Tc, particularly since it appeared to be detected on the cell surface by sera from rabbits hyperimmunized with M-protein [complement-mediated lysis and binding of radio-labelled immune Ig (Ada & Yap, 1977 , 1979 Biddison et aL I977; Hackett et al. unpublished results) ].
We have now prepared monoclonal antibody to type A influenza M-protein to study the appearance of this protein on infected cells. In the present study, quantitative binding of radio-labelled purified monoclonal anti-M antibody to influenza A-infected cells and detergent-solubilized membranes revealed the presence of very low levels of M-protein antigenic sites on infected P815 cells in contrast to the high number of molecules reported by Ada & Yap (I979) .
Hybrid cells secreting anti-M were selected following fusion with P3/X63-Ag8 cells according to K6hler & Milstein (1975) . Immune cells were from CBA mice primed twice i.m. with 50 #g purified M-protein from A/USSR/9o/77 (H1N1) influenza virus (Laver & Webster, I976) in complete Freund's adjuvant and boosted Io weeks later i.v. with 15o #g of protein, 5 days before fusion. Culture supernatants were screened by indirect solid-phase micro-radioimmunoassay (Rosenthal et preparation. The anti-M monoclonal antibody was cross-reactive with influenza A viruses, but failed to react with influenza B viruses. Indirect radioimmunoassays showed that the matrix proteins from different subtypes of influenza A viruses were indistinguishable at the antigenic site recognized by this monoclone (results not shown).
Detection of M-protein appearance on influenza virus-infected cells was by binding of radio-labelled monoclonal anti-M antibody. Monoclonal antibody was purified on protein A-Sepharose (Ey et al. I978) , labelled with 12~I and assayed over a range of antibody concentrations to saturation on P815 cells infected with influenza A virus (Fig. I a, b) . Fig. I (a) shows that virus-infected cultures 06 tl) bound very few anti-M antibody molecuIes above the background level seen with uninfected cells. To ensure that such low specific binding was not due to low affinity of the antibody, P815 cells were exogenously saturated with M-protein. Previous studies (data not shown) have established that P815 cells can exogenously bind t-25 × ~o -9/~g of 125I-labelled M-protein/cell (3 × Io4 molecules/cell). These treated cells bound high numbers of anti-M antibody molecules (Fig. I a) establishing that the low number of M-protein molecules detected on influenza virus-infected cells was not due to the low avidity of the monoclonal antibody.
Because of the low level of anti-M antibody binding to infected cells, saturation of the surface M-protein sites by antibody became graphically apparent only after deduction of non-specifically-bound radioactivity. The kinetic data (Fig. i b) plotted as antibody (ct/min) bound specifically by A/Japan/3o5 virus-infected cells v. total counts added shows Table I shows that the antibody binding is typical of monospecific ligand interactions; in addition, the antibody has a high affinity constant (Ka) of about i × IO ° to z x IO" l/tool. While we have not determined the exact proportion of infected cells which specifically binds the anti-M-protein antibody, we do know that 65 to 75 % of cells in an infected P8 ~5 culture can be specifically lysed by cytotoxic T-cells from 3 to I6 h p.i. (Zweerink et al. I977a ) . Furthermore, using monoclonal anti-haemagglutinin antibody we detected approx. IO 5 haemagglutinin sites/surface of X-3r virus-infected P815 cells at 15 h p.i. indicating normal virus protein expression under our conditions of infection (data not shown). Our average value for surface M-protein appearance, which is two to three orders of magnitude lower than the Io ~ to IO 6 sites/cell estimated by Ada & Yap (I979) does not appear to result simply from differences in infection or efficiency of virus biosynthesis between laboratories. The reason for the different estimates is not clear, but it is probably attributable to the less well-defined heterogeneous antisera from hyperimmunized rabbits used in their studies.
An alternative explanation for the low number of M-protein sites detected by our monoclonal antibody would be that the epitope recognized by the monospecific probe was stericatly hidden in the cell membrane. In order to investigate this possibility purified plasma membranes of infected P8I 5 ceils were isolated and then solubilized with sodium deoxycholate using the methods of Crumpton & Snary (T 974) and Bridgen et al. (1976) . M-protein in the lysate was determined by radioimmunoassay using purified type A virus M-protein as a standard. In these lysates, all M-protein molecules should be accessible to the antibody, yet we did not see the Ioo-fold increase that would be suggested from Ada& Yap's yalues. We detected about I to z × IO M-protein molecules/cell in the plasma membrane fraction (data not illustrated). This value is somewhat higher than that detected on the cell surface, but would include M-protein molecules in the cytoplasmic side where most of the M-protein is localized in permissive infections (Hay, i974) .
The influenza virus antigen(s) that are recognized by cross-reactive cytotoxic T-cells have not been resolved; it has been suggested that the cross-reactive M-protein that has been detected on the surface of virus-infected cells may be one of the antigens involved (Biddison et al. I977; Ada & Yap, I979) , but there is no direct evidence that this is so. The detection of very low levels of M-protein on the surface of P8 ] 5 cells in the above experiments leaves some doubt as to whether this protein is present in sufficient quantity to account for cytotoxic T-cell cross-reactivity. P815 cells are excellent targets for cross-reactive Tc after 3 h of infection when we detected io 2 M-protein molecules on the surface. M-protein is produced in reduced amounts in abortively infected cultures (Bosch et al. I978 ) but has been detected by fluorescence on both abortively and permissively infected influenza A cultures (Courtneidge, I978) with heterogeneous antisera. The low levels of M-protein detected on P815 cells after infection with influenza virus by monoclonal antibodies may represent M-protein molecules that are released during virus budding and are exogenously associated with the cell membrane.
An alternative explanation for T-cell cross-reactivity of influenza viruses is that some determinants on the haemagglutinin molecules may be involved. Recent studies (Askonas & Webster, i979) with monoclonal antibodies to influenza virus proteins in combination with anti-H-2 antibodies resulted in synergistic blocking of cytotoxic T-cell lysis of influenzainfected target cells. Monoclonal antibodies to some epitopes on the haemagglutinin molecules blocked cross-reactive cytotoxic T-cell killing, but neither hyperimmune serum nor monoclonal antibodies to M-protein inhibited cytotoxicity. The subpopulation of cytotoxic T-cells that is specific for the different subtypes of influenza A viruses (Zweerink et al. I977b ) is also specifically inhibited by monoclonal antibodies to the haemagglutinin in the absence of anti-H-z antibodies (Effros et al. I979) . All of the above information supports the contention that matrix protein is probably not the virus antigen recognized by the crossreactive T-cell population induced by influenza A viruses. 
